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hours, as distinguished from Che • clockwork " 
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composing the movement of a watch. 
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composed, and Which falls, as Min and issues 
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colourless (except as seen in la r^e quantity, w hen 
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With various qualifying words, as ire-tv. w Rain- 
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of a district 1535. a. As a drink, as satisfying 
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inff. bo I ling, etc. OE. b. Each of the quantities 
of water used succesiiively in a gradual process 
of washing ME, 5. Water of h mineral spring 
or a collection of mineral springs used medici- 
nally for bathing or for drinking, or both 
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as collected in seas, lakts, etc., or as flowin 
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of the sing*, esp. with ref. to flowing wan 
writer moving in wives ) O E. b , Hu f? in t j 
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leup i36o. 7. Quantity or depth of watei 
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With, prefixed udj,, n particular stale pf 
tkEe ; sm High vv.. Low w r L^ie ME. £. Water 
received into a boat or ihip throu>;h a kak r or 

by the breaking of the waves over the sid^s. taV1 „ 

laie Mil, 9 . As an enveloping or coverir. E pound of i wo volumes of hydrogen ind'o ne’ of 
medium 7 in various phrases, late Mb, io. A usyg-eo (formula H,OJ l in ancient speculation 
tiody of water on the surface of flic earth. (In ! regarded as one of the four (or later IS v-J cle- 
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revoft ta freest nay cmsidnrable w. 

littlcfwcj foiind pli rwl ves crossi n k ibp w, of 
On one 5td= lay the Ocean , and on one 
41 y a KEcal » r . P and ih« ruDon w*i full Tehi^veo?*. 
n. The substance of which the liquid * water " 
arse form among several ; the chemical com- 


ments of which alt bodies ate coinpo5rd r OE. 
III. A liquid resembling (and usu, coninining] 
water. 1* An aqueous dec&ctioa, infusion, or 
[intturc, used medicinally or as a cosmetic o? 
perfume ME. b. ^Vith defining word, applied 
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L vvfcND£a-w r| LlME-w. r SoDA^w r ., ete jn latf 
ME. a. Used to denote various watery liquMs 
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IVp The transparency and lustre characteristic 
pf a diamond or a pearl iboy. 
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[■■hraw c/ the JSt-if t v. survive* in pop. use 3* ade-dc- 
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If it suddenly stopped raining* what would happen to us ? At 
first, we might be pleased not to have to worry about the 
weather. After a time however, we should begin to see alarm mg 
changes around us. The surface of the earth would begin to 
dry j grass would turn brown ; the leaves on trees would wither 
and fall; the year's crops would fail. An emergency would be 
declared* and" water would have to be rationed. If the drought 
continued animals would begin to die. Cows* for example., 
which consume about twelve gallons of water a day* would 
need more water than rations would allow. They would have 
to be slaughtered. The parched earth ? now no longer moist 
underneath* would turn to dust and disappear. Finally* vast 
migrations from the country would begin. Tn a matter of a 
year or two* a whole country could look like the Sahara Desert, 
Extreme action might be taken, We might turn to the sea 
with the hope of purifying enough water from it to keep us 
alive. All the country's strength might have to revolve around 
the elementary fact that we need water to survive. 

If if* beginnings of a dust bowl 
The w : >nd slices off the top soil 
leaving the sandy unUerlayeus 
exposed, Since those can retain 
onry smaJ! quantities of water, 
the chances of further wind 
damage are greatly enhanced. 




The drought of 1934 {above) 
dried up moat of the reservoirs 
near London, Water in this 
Hertford sh re reservoir was 
usually 1 2 fees do&p. 

Radip Times Hist ton Picture 
Libra? v 





This actually happened in the western United States, The 
state of Oklahoma had a small rainfall When the first settlers 
arrived at the end of the nineteenth century* no one seemed to 
know how very tittle rain it was* The land was extremely 
fertile and the first crops were enormous. Just a few decades 
later* there was nothing left but a vast desert. The simple 
practices of turning up the soil* growing wheat* and harvesting 
seem to have begun a chain reaction. The rainfall was slightly 
below an already very low average. Farmers followed old 
routines* paying little attention to problems of soil exhaustion. 
The crops became smaller* Their roots could no longer hold 
as much water as the wild grasses that grew there before. When 
the fields were ploughed in die spring and the autumn* small 
quantities were carried off by the wind. The more that was 
carried away* [he more the sandy underlayer was exposed. 
Finally there was simply too little moisture left in the earth to 
hold it down. A vast cloud of dust blew up from the fields and 
spread two thousand miles to fall as far away as New York 
City. In a very short time there was literally no land left for 
farmers to till. They had to leave — a story you can read 
about in John Steinbeck’s The Grapes of Wrath . 


It took almost thirty years to repair a tiny fraction of the 
damage. New underground water supplies were found, irriga- 
tion systems set up* new methods of restoring the soil used, 
and Oklahoma gradually regained some of its productivity. It 
will probably never be as productive as it was when it was 
first settled. If farmers had used water more efficiently* if they 
had supplemented natural rainfall with irrigation supplies* if 
they had sown crops in rotation and refer tilized fields* there is 
little likelihood that the Oklahoma disaster would have 
occurred. 

Oklahoma is by no means unique ; vast parts of Africa and 
Asia suffer from conditions very similar to those in Oklahoma. 
Today* growing populations and the need for more water to 
drink and to grow food have made the search for new water 
resources and for new supply systems a vital necessity in many 
parts pf the world.' 

We shall see here how water is supplied in complex water 
systems* how it is purified, how it is used H Although its 
presence in oceans and lakes and rivers may make these pro- 
cesses appear relatively simple* many years of hard work he 
behind present-day water technology. 
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Chemically water is not a very complicated substance but its 
physical and chemical behaviour is not at all what one would 
expect from such a simple formula. Its melting and boiling 
points, the familiar zero and 100 degrees of die Centigrade 
scale, are abnormally high for a substance with such a small 
molecule. If water behaved like odier compounds of low 
molecular weight it would be a gas at ordinary temperatures 
and the earth would be an arid desert. 

Another property of water has had an incalculable effect on 
the world's climate. When water is cooled it predictably con- 
tracts in volume; but, as it cools from 4C to zero, it expands. 
Apart from causing burst pipes and pot-holes in roads during 
frosty weather 5 •■his expansion means that ice will float in the 
surrounding cold water. Tills may seem trivial, but what 
would happen if, rather than floating, it sank in increasing 
amounts to the bottom of seas and lakes, far from the melting 
rays of spring sunshine ? 

Water dissolves at least tiny quantities of a vast number of 
substances. The very purest water can be made only by 
repeated distillation in tin vessels, because glass is very much 
more soluble than tin. Such pure water is obviously extremely 
difficult to keep or to use without allowing gases from the air 
to dissolve in it. 

The ability of water to dissolve salts like common salt can 
be traced to its abnormally high ‘dielectric constant’. For 
example, water decreases the attraction between two charged 
bodies within it. If a gramophone record is dusted with a dry 
cloth the dust sticks to it because rubbing has caused an 
electro static attraction; but if the duster is dampened, the 
dust comes away easily, because the water has considerably 
weakened the attraction between the dust and the plastic 
record. This is what is meant by saying that the water has a 
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high dielectric constant. Water weakens the attraction between 
electrostatically charged bodies. Crystals of salt are formed 
from orderly assemblies of positively charged sodium ions 
attracted to negatively charged chloride ions. Such a linkage 
is called an electrovalent bond. When water is added, the ions 
are also attracted to die water molecules and the result is that 
the ions separate* the crystalline structure disintegrates* and 
the salt dissolves. In doing so* the salt provides roobile ions 
which assist in the passage of an electric current through the 
solution. 









In other eases* the dissolution in water is accompanied by 
'hydrolysis - a reaction between the solute and water in which 
both compounds are split up and each reacts with the other « 
In such cases water changes the chemistry of the solute as well 
as dispersing it in solution. There are many examples of this 
phenomenon in chemistry from the hydrolysis of compara- 
tively simple inorganic salts , such as ammonium sulphate to 
complex organic reactions like the breakdown of starches to 
Form simpler carbohydrates such as glucose. Although the 
process is much more complicated, such an organic reaction 
might be represented like tills i 

(QHnAJri 4" nH s O — 


Photo, Radio Times 
Hu/ton Picture Library 


The simple formula H — O — H wilt obviously be of little 
help in an attempt to explain the remarkable properties of 
water. Such a formula is only two-dimensional and static 
whereas the actual molecule must be three-dimensional and 
very mobile. Furthermore the links between the atoms are 
essentially electrical. 

Oxygen is much more electronegative than hydrogen : it 
attracts electrons more readily; This leads to an electrically 
lopsided molecule since the electrons are pulled over to the 
oxygen side of the molecule. Such, sharing of electrons 
■constitutes covalent linkages. The water molecule may thus 
be represented as shown below. The hydrogen 'ends* of the 


Diagram of water motecLrte 
(be/ow). After Paufing, Linus 
The Architecture of Mol acutes'. 
published by W. M Freeman & 
Co. Ltd. 



molecule are posi lively charged* while the oxygen 'end 1 is 
negative. Such a molecule is said to be 'polar' and it is the 
large polarity of the water molecule which helps to explain 
its properties. 

A substance which is highly polar is bound to have a large 
dielectric constant. When placed between two plates of which 
one is positively charged and the other negatively charged, 
water molecules will orientate them selves so that their positive 
ends point towards the negative plate. This arrangement leads 
to a weakening of the electric field between the plates. 

Furthermore since the hydrogen ends of the water molecule 
arc comparatively small in volume, their electrical effect is 
concentrated into a smaller volume and is correspondingly 
intense. They attract the negative ends of neighbouring mole- 
cules. This attraction is known as ‘hydrogen bonding’ and is 
of great importance in chemistry. In water itself it leads 10 a 
clumping together of molecules and to resistance in separation. 
When a liquid is transformed into a vapour by heating, the 
molecules separate because they have been supplied with extra 
energy. The dumps of molecules in liquid water require 
abnormally great heat to effect a separation ; in other words, 
water has a high boiling point. 

A similar explanation applies to the high freezing point. In 
the solid state this grouping of water molecules leads to an 
orderly three-dimensional arrangement comparable with the 
crystalline structure of salt. In fact* giant ice crystals are 
formed. We see their effect on a window on a frosty morning 
and we may discover even more beautiful patterns if we look 
at snowflakes with a microscope. Ice crystals have a relatively 
'open structure’ ; they occupy more space than the bulk of the 
separate molecules. This explains the expansion of water as it 
freezes ■ the liquid takes up less room than the solid. 

If we look a little more closely into the chemistry of water 
we find its chemical behaviour just as unexpected as its 
physical properties. This may abo be explained by die polarity 
ot water molecules. Water molecules cling to metallic ions in 
solution giving rbe to the phenomenon known as 'water of 
crystallization'. Water acts as a bonding agent when it trans- 
forms the white powder known to chemists as anhydrous 
sodium carbonate into large crystals of hydrated sodium 
carbonate, the familiar washing soda crystals. This hydration 
is caused by the attraction that a small, positively charged 
metallic ion, like sodium* exerts on charged water molecules. 


It is significant that salts containing such small ions crystallize 
with several molecules of water of crystallization* wkeress 
those with large metallic ions have only a few such molecules 
of water or none at all. The copper ion attracts four molecules 
of water making the blue ion Cu £+ ( 4 H a G)* which loses water 
on heating and becomes white. 

Water readily causes acids to ionize. Acids contain hydrogen 
which is able, in certain circumstances* to detach itself (to 
ionize) and be replaced by a metallic ion. The new compound 
is a salt. The gas hydrogen chloride shows no acid properties 
either in its normal gaseous form or when dissolved in toluene; 
the hydrogen ‘parti remains firmly attached to the chlorine. 
Hut when the gas is dissolved in water ihc solution shows all 
the reactions we expect from an acid - hydrochloric acid, in 
fact. In the molecule of hydrogen chloride* the chlorine atom 
is highly electronegative and pulls away electrons from die 
hydrogen. When water molecules are added this pulling away 
is increased and the hydrogen ion leaves the chlorine and be- 
comes associated with the water molecule: it is* in fact* 
hydrated and represented by H s O h : 

HCIfg) + H s Ofl) -► H a O + (aq) -f Cl-(aq} 

Because of its role in the formation of hydrogen ions it is not 
surprising to find that water itself is ionised to a very small 
extent into hydrogen and hydroxyl (OH") ions* This ioniza- 
tion explains the hydrolysis of salt* like ammonium sulphate. 
Because ammonium hydroxide is not greatly ionized (it is said 
ro be a weak base), the ammonium ions (from ammonium 
sulphate) and the hydroxyl ions (from water) link up. This 
leaves an excess of hydrogen ions in solution - in other words, 
an add solution. 

NH^aq) + [H a O- I OH-] -*NII, „ OH(aq) T H s O+(aq) 

The part that water plays in the hydrolysis of carbohydrates 
and proteins and in other biological processes is more com- 
plex, but it does throw some light on the importance of the 
hydrogen bond in biochemical synthesis* as a sort of glue in 
some chemical compounds which are fundamental to all forms 
of animal life. 
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Water supply in the past - The history of London’s water 
supply is an interesting example of how problems connected 
with water arose and were solved over the past 600 years. 
Medieval London was small enough to rely on the limited 
resources at hand (its population in 1400 was about 50,000). 
Wells had been dug in Roman times to reach the plentiful 
supply in the subsoil. These were enough to meet the city’s 
needs until the end of the sixteenth century. By this time 
London had outgrown her city walls. New water sources were 
needed. In 1582 a Dutchman, Teter Morrys, obtained per- 
mission to build a water-wheel beneath the arch of old 
London Bridge. The swift current of the Thames turned the 
wheel which operated a pump for forcing water through 
wooden conduits to the City. It eventually supplied four 
million gallons of water a day. The Thames at this time was 
still comparatively unpolluted, 

Sir Hugh Myddleton, Lord Mayor of London, began the 
first official venture in water supply in 1631. He constructed 
an open trench, which he called the New River, to bring 
reasonably pure water from chalk springs at Chadwell and 
Am w ell in Hertfordshire. 

Wooden pipelines were usual until the end of the eighteenth 
century. At this time some water companies began to lay cast 
iron pipes. A law of 181? required that all future pipelines be 
of cast iron. Iron pipelines allowed for a wider distribution ol 
water. They permitted water supply to areas of clay subsoil, 
which could not depend on local underground resources like 
gravel subsoil areas. Water companies, however, made no 
attempt to keep abreast of growing needs until much later. 

In tire nineteenth century water problems were aggravated 
by population growth and industrial expansion. Urban popula- 
tion in England grew from three million to about twenty-four 
6 
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million between 1801 and 1891. During this time industrial 
expansion stimulated great technological advances* but there 
was little practical application of new technology to water 
supply systems. 

Pollution became a serious problem in the early nineteenth 
century. Because sewage and factory wastes were not treated, 
vast epidemics of waterborne diseases* such as Asiatic cholera 
and typhoid., ravaged the city. The great cholera epidemic of 
1831 cost more than 50*000 lives in London. The situation was 
made considerably worse by a vast sewage system introduced 
about this time* Its waters were dumped into the Thames 
upstream from the inlet pipes of a number of the London 
water companies. 

In 1842 the Poor Law Commissioners issued a report on the 
dangers arising from inadequate water supply and sanitation, 
systems. It was written by their Secretary, Edwin Chadwick 
(1800-92). The report and Edwin Chad wields continuous 
hard work brought about the first public health law's in 1848, 
A brief description of some sanitary conditions only 1 25 years 
ago will show what sort of problems Chadwick faced : 

The whole family of the labouring man in the manu- 
facturing town rise early before daylight in winter-time, to go 
to their work* they toil hard and return to thdr homes at night. 
It is a serious inconvenience, as well as discomfort to them to 
Ixave to fetch water at a distance out-of-doors, from the pump 
or the river on every occasion that it may be wanted* whether 
it may be in cold* in rain, or in snow. The minor comforts of 
cleanliness are of course foregone* to avoid the immediate and 
greater discomforts of having to fetch water. 3 

Chadwick’s campaign led to much controversy. The tools 
for improvement were available^ but it took several decades 
to convince suppliers to use them* and almost a century to 
convince them to use them properly. James Simpson* a con- 
sulting engineer to the Chelsea Water Company* devised a 
system of water purification. Water was filtered through a 
series of fine grade sand beds. Known abroad as the English 
system" it laid the foundations of modern processes of water 
purification. Ic was made compulsory for all water companies 
by a law of 1852. Unfortunately the law was widely disregarded 
and the epidemics went on. In 1854 a London doctor* John 
Snow* proved iliaL an outbreak of cholera in Soho could be 
traced to polluted water from the Broad Street w r ell. The 
handle of the pump was removed and the epidemic ended 
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almost at once with about 6(H) deaths in all. 

Regular chemical analysis of water supplies was required by 
Uw after 1858. Water companies were not allowed to draw 
w T ater below a certain point in the Thames, so as to avoid 
confusion of drinking water with sewage. The flagrant dis- 
obedience of these laws led to the cholera epidemic of 1866, 

The Public Health Act of 1875 laid the foundations for 
modern health codes. Although the era of great epidemics 
was over* small outbreaks continued to occur as a result of 
fauhy water systems. To reduce these* chlorination was 
made standard practice in a growing number of water com- 
panies from 1904 onwards. The last serious outbreak of 
waterborne disease in England was a typhoid epidemic at 
Croydon in 1937. It was entirely a result of the water suppliers 3 
negligence. 

The growing need for larger water resources and for im- 
proved quality forced small water companies to combine. In 
London* a single Metropolitan Water Board has replaced 
many small companies. It serves an area of 540 square miles* 
supplying 6] million people with a daily average of 60 gallons 
each. 
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Water supply today - Today water authorities seek to provide 
communities with enough clean, pure, palatable water to meet 
all their needs. They must see that sources are large enough; 
they must remove impurities; they must ensure that water 
will not be contaminated by the time it teaches the consumer. 

Domestic water is normally obtained either from surface 
supplies (flowing or static) or from natural deposits in porous 
rock strata underground. Surface supplies, rivers, and natural 
or artificial lakes served by rivers, can he reached directly. 
Underground sources are reached by wells or boreholes 
through which the water is brought to the surface. Sometimes 
underground water deposits are under pressure. When holes 
are bored, the water rises to the surface by itself. Such wells 
are called Artesian Wells after Artois in France where they 
were first used. They have disappeared from London because 
of overjumping, which gradually reduced pressure below the 
level necessary to push the water to the surface. 

For practical reasons each community draws its water from 
the nearest; available source. With the increasing demands of 
industry, the nearest source is sometimes a great distance 
away, as in the cases of Liverpool, Birmingham, and Man- 
chester, which have been forced to turn to the lakes of North 
and Mid-Wales and to the Lake District itself for their supply. 
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Millions of p&ople have no 
access to piped water : they 
have to carry it from the 
nearest sou rce, which is some- 
times miles eway. 

WHO i Pierre Piitei 


Water supply tomorrow - Although there is no present shortage 
of water in Great Britain, demand increases continuously, 
rising by three to four per cent annually, Tt may soon be 
necessary to Lap entirely new sources to meet increasing needs. 

In many parts of the world, present needs are not being 
satisfied. I n a recent survey of seventy -five developing nations, 
the World Health Organization indicated that about seventy 
per cent of the populations of South and Central America, 
Africa, and southern Asia have inadequate piped water 
services nr arc supplied with unsafe water; Each year 500 mil- 
lion people in these countries contract disabling diseases 
which can be traced to water systems. Forty-one per cent of 
their populations, or about 129 3 million people, have no 
access to piped w T atcr. A WHO fifteen-year programme is 
attempting to improve purification systems and to build dams 
by which to increase supplies. 

in other countries, inadequate rainfall coupled with in- 
creasing population* has made rationing and large-scale 
distillation a necessity. 

Redistribution of existing natural waters is one possible 
solution to shortage problems. In Israel, and now in the 


S^ara Desert, arid areas have been turned into agricultural 
land by water irrigation. In some cases the courses of rivers 
arc shifted; in others water is stored m dams and piped to 
where it is needed. In the Sahara vast underground supplies 
have recently been discovered. Redistribution of these could 
make the worlds largest desert into the largest wheat growing 
area. 

An interesting idea for water conservation has been tiled in 
Australia. A long-chain hydrocarbon derivative such as cetyl 
alcohol (C L7 H* t OH) is poured into the lakes. This forms a 
layer on the surface, perhaps one molecule foick. and reduces 
evaporation. It could be useful in hot countries. 

In most countries , however, redistribution and conservation 
are only of short-range value. Long-term water needs will have 
10 be met by drawing upon sea water. If all surface and under- 
ground supplies could be measured accurately, they would 
probably be no more than one per cent of all the total water on 
earth. The remaining nincty-nme per cent is salt water. 

Water shortage problems everywhere could be solved for 
several centuries to come if an inexpensive method ol purify- 
ing sea water could be devised. The simplest way of removing 
minerals from sea water is by distillation. Unfortunately., the 
fuel for distillation plants is far too expensive for most coun- 
tries. It takes about 6,400 ions of coal to heat and evaporate 
enough sea water to equal one inch of rainfall on one square 
mile of land. There area few water distillation plants, however. 
One in Kuwait operates on waste gas from local oilfields. It 
produces B million gallons of fresh water daily. I here is a 
water distillation plant in Aruba, Barbados, producing about 
2£ million gallons daily, and one is under construction in 
Antigua in the West Indies. 

Another method of purifying sea water, and one of [he most 
promising methods suggested, is electrodialysis. A compart- 
ment containing seawater is separated from compartments on 
either side by membranes which are permeable to the dissolved 
sails r One of the side-compartments contains a positive and 
the other a negative electrode. An electrical potential induces 
cations to pass dirough the membrane to the cathode com- 
partment and anions to pass to the anode compartment, 
gradually reducing the sodium (Na ; ) and chlorine (Cl - ) ions 
in the water. An ion-exchange plant could contain many such 
cells so that the process would be continuous. 'This method is 
particularly useful for water of low salinity as in foe case of 
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water purified by an ion-exchange plant In Johannesburg, 
South Africa, Water from this plant is used for urani um 
refining. 

Ways are now being sought to harness the sun's energy for 
water distillation. Natural purification of water takes place in 
just this way : the sun's energy turns sea water into vapour; 

In addition to meeting demands for increasing supplies, 
planners are now concerned with another more controversial 
consideration. It has been known for some time that people 
living in areas where local water contains large amounts of 
fluoride ions ate liable to have stained teeth. Although the 
effect is sometimes unsightly, tooth decay is much rarer. 
Research has demonstrated that a controlled fluoride content 
of about one mg> litre of water is not harmful and radically 
reduces tooth decay. There has been a great deal of discussion 
about whether or not water fluoridation is a desirable inter- 
ference with natural resources, but the trend seems to be in 
this direction. 
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About 30 per cent of min returns directly to the sea. What 
happens to the remainder after it touches earth depends on the 
kind of ground on which it falls, II it falls on non-absorbent 
rock* it will quickly run off to form streams and rivers. If the 
rock is porous, the water soaks through and collects beneath 
the surface of the earth. I 'he quality and the reliability of 
underground water supplies depends largely on the geological 
strata in which they collect. Chalk yields a clean* pure water 
whose solid content is mainly calcium carbonate. Sandstone 
produces a water of undependable quality. Alluvial deposits 


Water from both surface and underground sources comes 
originally from rain or snow. Large expanses of natural water 
evaporate continuously. The water vapour produced is carried 
away by air currents. When the currents are forced to rise, by 
meeting cither land masses or belts of cool air 3 the water 
vapour h cooled and condensed into droplets of water. The 
droplets gradually increase in ssae and eventually fall to the 
ground as rain or snow, according to the temperature of she 
air through which they pass. * \ 

Before it reaches the ground the distilled water riin or] 







f m 




snow dissolves carbon dioxide (as carbonic acid) and oxygen. 
In coastal regions, it may also dissolve salts from sea spray. In 
industrial zones it may dissolve dust or sulphur dioxide* which 
h then oxidized into sulphuric acid. Perfectly pure water does 


not occur m nature. 




yield an impure water of varying compositions and quality. 
\ imestone like chalk produces a 'hard* but usually good water. 
Over the ages die flow of water through limestone areas forms 
caves or tunnels* like die Cheddar caves. In them diere is 
sometimes a constant dripping of calcium hydrogen carbonate 
solution at definite points. The successive evaporation and 
decomposition of calcium hydrogen carbonate solution from 
insoluble calcium carbonate produces stalactites and stalag- 
mites. These are frequently coloured by contact with other 
metal salts. 

As water flows towards the sea it dissolves other substances 
and becomes progressively more impure. Pollution results 
from decaying animal and vegetable matter. In some areas 
impurities and pollution arc increased by industrial waste 
and sewage. Constant evaporation along the way helps to 


concentrate the dissolved matter still further. 

The sea, which receives all these impurities* is a vast reposi- 
tory of chemicals. A cubic mile of sea water could yield 1 10 
million tons of table salt* 27 million tons of magnesium 
chloride* 22 million tons of magnesium sulphate, 7’2 million 
tons of gypsum (calcium sulphate), 3 million tons of potassium 
chloride, and perhaps 37 lb of gold. All naturally occurring 
elements are present to some degree. 

In years to come, just as the sea may become a major source 
of pure water* it may also be a valuable source of chemicals. 
Inland seas, like the Dead Sea* contain up to 7 - 10 times as 
much dissolved matter as ordinary sea water. The density of 
water is greatly increased and the yield per cubic mile even 
larger titan that of ordinary sea water. Extraction of potash 
from the Dead Sea is one of Israel’s largest industries. 



Man was, as we have seen.* concerned almost exclusively wath 
water supply problems until comparatively recently. In die 
last century, epidemics and industrial growth made purifica- 
tion a crucial necessity. Today many water authorities seek to 
produce not only safe drinking water but also w T ater that is 
attractive in appearance* taste, and smell, non-corrosive to 
metals^ and convenient for domestic and industrial use. In 
addition to organic impurities, suspended insoluble matter 
and dissolved salts musi be removed to achieve these results. 


Regular samples of water are 
taken slavery stage of 
purification. Here col i Form 
tests are being performed. 
Radio Times Hutton Pi'ctiirQ 
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Organic impurities - The source of water pollution and water- 
borne disease is in man himself. Diseases such as typhoid, 
cholera* bacillary and amoebic dysentery., and infectious 
hepatitis originate and multiply in man's intestines. These 
diseases spread when untreated sewage is permitted to enter 
drinking supply lines. 

In order 10 minimize the possibility of infection* public 
health laws requite dose inspection of areas where river water 
constitutes a source of supply. The World Health Organization 
of the United Nations has set a standard of one coliform 
bacterium/ 100 cm* of water as safe for treated water and 
10 bacteria,' 100 cm 15 for untreated water. The presence of con- 
forms in excess of these figures can be highly dangerous. Such 
regulations have effectively eliminated w T aterbome diseases in 
most of Europe. But recurrent outbreaks of cholera in Spain 
and India and a recent hepatitis outbreak in Rome serve to 
remind us that the threat is still present. One way of reducing 
the chance of epidemic is by eliminating bacteria in sewage. 
Sew r age from all large communities should be thoroughly 
processed before it returns to rivers. The failure of some 
communities to do this is an edio of nineteenth -century 
negligence, which caused s o much waste of human life. 
Exposure to sunlight in reservoirs kills a considerable 
quantity of bacteria* but when water enters a community^ 
supply system it must be rigidly tested. The most important 
test is for coliform bacteria, which are hardier and more 
frequent in normal populations than other disease bacteria. 
Various quantities of water are mixed with a special culture 
medium (known as MacConkcy’s broth) and incubated at body 
temperature (37^0). The 'broth' is particularly favourable to 
the growth of cub forms but inhibits the growth of other bac- 
teria. It contains a sugar called lactose. If conforms are present 
they will act on the lactose to produce lactic acid. A given 
quantity of water and a given quantity of 'broth* will produce 
proportional quantity of lactic add and carbon dioxide after 
i certain time. By measuring these, it is possible to calculate 
how many coliform s are present 
The membrane filter test is another method for detecting 
the presence of coliforms. It may become widespread* par- 
ucukrly in new laboratories. Water is filtered through a special 
cridded membrane which is then placed on a culture medium 
-nd incubated, Bacterial colonies may then be counted directly 
— -ler a low-power microscope. 


When the bacterial content of a given supply system is 
known, diseases can be eliminated in various "ways. One of 
these ways is by chlorination. The disinfectant properties of 
chlorine have been known for some time. It was first used in 
England at Maidstone in 1897, when bleaching powder proved 
effective for controlling a typhoid epidemic. Chlorine is 
usually added to a small quantity of water from 70 lb liquid 
chlorine cylinders. The resulting strong solution is then added 
to the main bulk of the urater. 

On a smaller scale and in emergency cases , sodium hydro- 
chlorite may be used* and less frequently* bleaching powder. 
Organic compounds which liberate chlorine or iodine are. used 
in water purifying tablets for treating small quantities of 
water. 

The amount of chlorine added to water must be carefully 
controlled. Amounts of leas than 0-1 mg of chlorine /litre of 
water are not enough to kill bacteria and amounts of more than 
1 -0 mg/litre give the water an unpleasant taste and smell. To 
avoid this problem and nevertheless eliminate bacterial con- 
tent a process of superchlorination followed by dechlorination 
has frequently been adopted. The raw water is treated with a 
considerable excess of chlorine. The high concentration of 
chlorine gives strong and rapid bactericidal effects. Then the 
excess chlorine is eliminated by adding sulphur dioxide. 

Question. Can you explain this in terms of a chemical reaction ? 

Another way of treating bacteria-bearing water is by 
ozonization. Ozone (O^) is an aliotropic form of oxygen. The 
molecule consists of a group of three atoms. It is produced by 
passing a silent electrical discharge through air or pure oxygen. 
The discharge causes some oxygen atoms to group in threes. 
When ozone is introduced into water* the oxygen atoms revert 
to a paired state. The remaining atom oxidizes and destroys 
any germ it may encounter. Gzonization produces particularly 
sparkling and attractive water. It is widely used in France and 
by a few authorities in England - especially for swimming 
pools. Although it is more expensive than chlorination* it has 
the advantage of removing colour, taste, and smell. It is useful 
in the removal of dissolved salts since it precipitates iron and 
magnesium as oxides. 

Question. What other substances do you think must be pro- 
duced by the precipitation of iron and magnesium as oxides ? 

17 


Suspended insoluble matter - Twigs or coarse particles are 
found mainly in river water. If the water is left to stand in 
large reservoirs, most of the insoluble matter settles within 
twenty-four hours. This process is known as sedimentation. 

The matter which is not removed by sedimentation consists 
mainly of minute colloidal particles. These particles are 
charged relative to the water and are surrounded by a thin 
layer of water of opposite charge. They do not coagulate into 
larger particles unless tire balance between the charge of the 
water and die charge of the particles is disrupted. Highly 
charged positive ions, like the aluminium ions in aluminium 
sulphate, disrupt the balance. The colloidal particles coagulate 
and die majority settle. The process can be hastened by 
mechanical stirring. The particles which do not settle can he 
removed by filtration. 

There are several methods of filtration. In slow filtration 
water is passed through a filter bed consisting of a deep layer 
of fine sand spread out over a gravel base. When water filters 
through the sand, suspended matter is gradually removed 
along with a good part of the bacterial content. Although many 
slow filters are still used today 3 rapid filters are more common, 
Two different methods are employed: open gravity filtration 
and closed pressure filtration. In each case the principle is the 
same as in slow filtration. In pressure filtration* the water is 
forced through a sealed sand bed under high pressure. Gravity 
filtration takes advantages of a large difference between inflow 
and outflow levels to force the water through the sand quickly. 

In 1945 the Metropolitan Water Board adopted a system of 
microstraining for preliminary filtration. It involves a rapid 
flow of water under pressure through a rotating drum. The 
drum is covered by a fine stainless steel screen which removes 
even the smallest solids from the water. As the drum rotates, 
the screen is cleaned on one side* and it in turn cleans the 
w T ater on the other. 

Dissolved salts - As we have seen, water varies considerably 
according to its source. Frequently it contains large amounts 
of dissolved calcium, iron, and magnesium salts. These salts 
arc undesirable as Lhey have a bitter taste* cause discoloration 
of washing (iron mould), and may even block pipes . In indus- 
trial use* particularly in paper making, even minute quantities 
are harmful. 

Hard water is considered undesirable by most water supply 
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authorities Deposits of calcium in the housewife’s kettle 
(called temporary hardness because it h eliminated by boiling) 
and deposits of calcium sulphate (permanent hardness) in 
industrial boiler tubes are examples of undesirable effects. 
Calcium sulphate is a poor conductor of heat. Deposits of it 
make increased hca! supply necessary for heating boilers. 
Since the deposits are always uneven, local overheating and 
metal 'failure 1 can occur. Hard water can thus be dangerous. 

Degrees of hardness arc usually determined by calcium and 
magnesium salt content (usually quoted in terms of the 
equivalent amount of calcium carbonate). One established 
test of hardness involves adding a standardized soap solution 
to a specified volume of water. Increasing amounts ate added 
until shaking obtains a lather. The quantity of soap necessary 
is a measure of the degree of hardness. A more rapid, more 
accurate test involves ethylene diamine tetracetic acid (EDTA), 
or its sodium sak, These form complexes with ions of the 
alkaline earth metals. When the dye Erioduome Black is 
added, the solution will turn blue if the ions have been 
removed by combination with EDTA, If there is still an 
excess of calcium and magnesium ions, the dye gives a red 
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colour. Total hardness is determined by titration with FDTA< 
To determine the presence of calcium only, the dye Murexide 
is used. It is sensitive to calcium ions but not to magnesium 
ions. Magnesium hardness can then be determined by sub- 
tracting the amount of calcium content from the total EDTA 
reading. £ 

Where amounts of dissolved salts are small , they can be 
eliminated by the ion-exchange method. Ions causing hard- 
ness are 'exchanged 5 for ions such as sodium which do not have 
this effect. A Japanese firm claims nhat it* ion-e* change unit 
can deionize 60*000 gallons of water a minute. Its potential use 
in large-scale deionization makes it one of the most important 
water softening methods. 

Simple softening of die water is sometimes worth while* 
since processes like the lime-soda process remove all traces of 
these salts: sodium carbonate (soda) removes the calcium 
present in the water by precipitating it as calcium carbonate. 
This process is often used by the few water authorities who 
soften water before distribution, 

Oxidation followed by sedimentasion of insoluble oxides is 
also effective. Iron can be removed as a hydrated oxide by 


aeration, sedimentation* and filtration. Catalytic filters are 
often employed : potassium permanganate, ozone, and chlorine 
arc reagents which assist oxidation. 

Faced with the more pressing demands of preventing 
disease and removing insoluble particles, few water authorities 
can afford to remove hardness. Because acid waters arc corro- 
sive, however, they require special attention. Thdr action on 
lead is particularly dangerous. As the water passes through 
lead pipes lead sails arc formed. When the water is drunk, lead 
salts collect In the bones. If drunk for a long time, i he salts can 
cause lead poisoning. If waters contain bicarbonate, there is 
lit tie danger of lead poisoning, because a protective coating of 
lead carbonate forms in the pipe*. Other waters with acid pH 
values, especially waters containing nitrates, are particularly 
prone to dissolving lead. Water supplies drawn from moorland 
are, for this reason, carefully controlled. An alkaline sub- 
stance, such as sodium alu ruinate, h used to coagulate sus- 
pended organic matter. This also reduces acidity. Milk of 
lime is added \o neutralize the remaining acidity. Lead disso- 
lution is best avoided by replacing lead pipes, still widely used 
today, with copper or plastic pipes. 

Dissolved gases, such as carbon dioxide* can be removed by 
aeration. Occurring most often in water from underground 
sources, some gases are corrosive or, as in the case of hydrogen 
sulphide, unpleasant in odour. In one method of aeration, 
water cascades over a series of shelves. The water mixes with 
air as it falls. Carbon dioxide escapes and oxygen dissolves in 
the water. If iron is present* it is oxidized to insoluble iron 
(nr) hydroxide, which can then be removed by sedimentation 
and filtration. 

Radioactivity and detergents - Indiscriminate application of 
new technology has produced several new purification prob- 
lems in recent years. The increasing use of atomic substances 
in industry and power supply has brought with it a commen- 
surate output of radioactive waste material. Some of this can 
find its way into the water supply. The World Health Organi- 
zation has set a standard of 1 Ch 7 microcuries/cm 3 as the limit 
of radioactive safety. This limit lias been passed in some areas. 
Possible eont animation of water is a new hazard facing water 
authorities. 

Another problem which has harassed authorities for some 
time is that of detergents. These tend to produce vast 
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quanting of foam which find their way in to rivers and sewage 
works. They are not only a ihreat to domestic water supplies, 
hut a serious hindrance to natural repurification since they 
limit oxygen absorption in sewage. The situation became so 
serious inone area of the United States that soapless detergents 
had id be banned , 

Investigation of the problem has shown that detergents 
whose molecules contain long* straight chains of carbon atoms 
are readily broken down by bacteria in sewage works and in 
streams , while detergents which consist of branched chains 


of carbon atoms are resistant to bacterial attack and therefore 
result in per si stem foam. The problem would most easily be 
solved if only detergents of the straight chain variety were 
manufactured, but these are technically difficult to make and 
drey are also expensive^ while the branched chain ones are 
easy to make and cheap. Manufacturing firms have devoted 
much thought and time to devising new types of detergenis 
and new production processes, and although the situation has 
not been wholly overcome, some improvements have been 
made. 
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We use water habitually in so many ways that we rarely 
realize how important it is. Our use of it as a standard of com- 
parison for physical properties is a good example : litres and 
calories arc both units based on the physical properties of 
water. IT we consider the extent of its use for transportation, 
we begin to see. how important it is to civilization. 


Water far power- Water has been used to drive mills for 
hundreds of years. With the widespread use of electricity in 
most parts of the world, it is now even more important as a 
source of power. Water is stored in a dam at as great an altitude 
as possible. A controlled flow is released to drive a turbine 
and generate electricity. The best example in Great Britain is 
the Canon Valley in Scotland. 

Another way in w r hich water can be used for power is by 
harnessing the tides. The French already have a tidal power 
station in the Ranee estuary. When the sea level rises to high 
tide* the water drives turbines as it enters a dam when the tide 
ebbSj the trapped water is released and drives turbines as it 
returns to the sea (p. 21). A large variation, in tidal water 
levels is essential. A scheme for a station similar to the Ranee 
estuary One has been suggested for the River Severn in 
England, 

The Central Electricity Board is another major user of 
water. Because large dams and high waterfalls are not generally 
available* electricity is usually generated by passing steam 
under pressure through the turbines. The heat required to 
produce steam comes from burning coal or oil, or from nuclear 
power. Water h needed both for steam and for condensing the 
surplus steam so that it can be used again. Water for steam 
must be carefully purified. Water used for cooling needs much 
less treatment. Hinckley Point Nuclear Power Station in 
Somerset uses 35 million gallons of water per hour for cooling. 
In addition, its boilers are capable of producing million lb 
of steam (equivalent to { million gallons of water) an hour. 
The water used as steam is recirculated. The cooJing water h 
returned to the sea. 


Water for industry - In industry* water is used in countless 
ways. For example* table salt in England is obtained from 



underground deposits, like those in Cheshire, by allowing 
water to dissolve the salt. The resulting brine h then pumped 
to the surface, Chemical industries also make use of water's 
solvent properties. In purifying gases, water is used to wash 
out insoluble impurities. The gas industry removes ammonia, 
sulphur dioxide* and some hydrogen sulphide from coal gas 
by allowing water to trickle down the towers through which 
the impure gas reaches the surface. 

Water is used for cooling in stone cutting* for dyeing and 
bleaching in the textile trades , for cleaning in silk, w T ool : nylon, 
china manufacturing, and in leather tanning and manufac- 
turing motor cars. In almost ah forms of mining it is used for 
separating impurities from ores: gold* tin* coal. It is used as a 
solvent in paper manufacturing, and in tin and chrome plating* 

One last example is the manufacturing of industrial hydro- 
gen. In the Bosch process steam is blown over white hot coke. 
A mixture of carbon monoxide and hydrogen results : 

C(c) I H,0(g) - CO(g) + Htffg) 

To remove the carbon monoxide, the mixture is treated with 
more steam : 

H E (g) + CO(g) + H a O(i) - CO*) 4 2H,(g) 

Qnalysts of metallic oxides, such as iron, chromium, or 
cobalt oxides* are necessary for the reaction to take place. It 
can then be regulated by temperature. If a proper temperature 
is reached, most of the carbon monoxide will be removed. The 
resultant carbon dioxide is removed by passing the hydrogen 
through water, in which carbon dioxide dissolves. The remain- 
ing carbon monoxide is removed by passing the hydrogen 
through a compound like amiuoniaeal cuprous chloride. 
Ammoniacal cuprous chloride dissolves carbon monoxide 
forming CuG.CG.H3O, The remaining water is then either 
frozen out or removed by a dehydrating agent. 

More recently, in the I.C.I. continuous catalytic reforming 
process, hydrogen is made by mixing gaseous, sulphur-free 
naphtha with steam at about 7QCTC. By maintaining die steam - 
carbon ratio at about 3:1, and using y nickel-based catalyst 
which favours hydrogen formation over carbon formation, the 
reforming process produces hydrogen and carbon monoxide. 
The carbon monoxide is removed* as in the Bosch process^ by 
treating with more steam. A similar process is used in making 
town gas, 
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A steam reformer m rht 
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from the pit faue with :i high 
pressure hose. 
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This flow diagram of china 
ciay production [bofew) shows 
the importance of water in day 
mining. Water is used to wash 
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ciay and the suspension cr 
day in water is pumped to 
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Wait? far tigriculrurt' - Agriculture' demands a supply of water 
that far exceeds industrial needs. Water used in farming can- 
not be recirculated as can often be done in industry : 2] million 
gallons are needed to grow a single ton of cotton* while steel 
production requires between 40*000 and 70 ,>000 gallons per 
ton; sugar farming, which uses moisture more efficiently, still 
consumes 240,000 gallons of water per ton of crop. 

Although the British farmer is well supplied with water* 
water is by no means so readily available elsewhere. The vast 
amount of water needed to grow food and the uneven world 


distribution of rainfall make improved irrigation imperative 
for the majority of the world's nations . 

Dams are being constructed in almost every country of the 
world both for hydroelectric power and for irrigation projects. 
Mexico, japan* Peru* Iran, Thailand, Sudan* Columbia* 
Austria* Jordan* and Spain are only a few countries which are 
now building dams io increase agricultural production. 

In India and West Pakisi an. the construction of I he Mangla 
and the Tarbda Dams in the Indus Basin, will supply water for 
drinking* transport, and power to several hundred thousand 
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people. The projected Qatram and Sultani Dams in Jordan 
will provide the surrounding area with a continuous supply of 
water. Annual rainfall in this area is 10b l 3 mm/annum and 
falls only a few days a year. The dams which store waters 
coming from many miles away* will allow an. area which is now 
practically destitute to become a large, agricultural centre. 

Similarly in Uganda an irrigation project has been suggested 
to create over a half million acres of farm land. Drawing water 
from Lake Victoria and a group of lakes to the north , the 
project could make Uganda largely self-sustaining as a food 
producer, 

Dam construction has* in some cases* had unpleasant side 
effects. Controlled flow of rivers up-stream allows ocean 
waters to enter the mouths of rivers. Land gained by irrigation 
sometimes lias to be written off by land lost from increased 
salinity at the month. This has been the case in the Mekong 
River Valley project in Thailand* Cambodia, and Laos. 
Similarly* the Kariba Dam in Zambia and Rhodesia changed 
water condi lions in such a way as to stimulate growth of the 
fern Sahrima aurkubita. Decaying vegetable matter covered 
by the dam's waters produced a rich 'brotlT ideal for the fern's 
growth. The fern proliferated to such an extent that some 
175 square miles of the artificial lake’s surface were covered by 
it. As the lake Idled die 'broth' was diluted, however* and 
growth stabilized. Chemicals have been used to clear certain 
areas * but it is now believed that the fern will slowly die tiff. 
The Volta Dam project in Ghana has met with similar diffi- 
culties from weeds and fish. Such problems could often be 
avoided if an adequate ecological survey preceded construc- 
tion. 

A new agricultural industry for which large amounts of 
water are needed is fish-farming- In Israel where good arable 
land is scarce and protein foods are difficult to obtain, fish- 
farming has proved particularly important. Its practice in 
countries such as Czechoslovakia* China* Malaysia* India* 
and the Belgian Congo is helping to relieve food shortages. 
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rjimt! p in which w, Lj ; ♦twtipfny, a com- 

m^rciil uifKial;on for \h * putpo-e of Ai'p^Fying *■ to 
ik town -oj district ; -divine r^onc who finds^ublcr- 
Eanean springs -cr sup plies ^fw. by mtaiis of* dmmng- 
tndj -doctor* ta} - W^ab iieh: (£j A hydropiiihM ; 
-finder the procriii sf gild- 

ing mtlal surfaces by applying Itnuii ^malgacii, ihe 
mere itry being afterwards removed by s vapor at wn ; 
mo -gilt #. ; rhebd, sht bead or source of i Jifeam' 
■Jsickct, h casing confining w. + placed about Mine- 
iti i i ■£ to prevent i i *. beci -mine unduly heated or eh died ; 
hence -Jacketed *,* qtimp, a pUce where a 
horse is required to leap a siren m or dildi [ -koot+A 
knot tisrd in joining luge t lief lengths of Cwhing-hrt* r 
dead < lid}, La' a mislead ; (£} in open channel 
through in kc -field [ t -leader* one *ho carts w fgt 
said -leaf Archr, an ornament used on cap i tali:, sup- 
posed c.j represent the leaf of wflic w.-plant ; -maiith, 
[■if.k I he iionrh of a river 3 -organ* ihe h jttraul ic«fl 
4ir h yd r auIIc organ; -parting - Wateishid i r-pis- 
tol* a weapon conMruded 10 diichifge a sudden jet 
nf ur, m other liquid ; -plane* nn .-leeuplane L h :« t n:an 
rise from or alight on water; A hydrcplati# ; -plait, 
a pLiie with n reccptudc undemtALh for hot w. lo 
keep the food warm 1 -power* the pawtt of morinH 
or Ini I mg w. employed io drive machinery: -quake* 
a seismic diiaur banco in Ihe tea : -rate* A r.-ite ur 
lelh levied by a municipality or n w.-comp*Jiy fuf the 
hupply of w. 1 -spluiicJ, a variety of spaniel, much 
Hied for retrieving w.-fowl; ■* plash, a shallow 
Stream ur furd crossing a road; -at: fl£„ a. r.ndulc uf 
■ h.-Ji rdiin y having an internal cavity containing w. ; 
-tower, ■: .'j ) a rawer serving as a reservoir ro deliver 
w, at a required he mJ ; [£) a Lui.g iron tube, CftTlicd 
vertically on a wheeled frame, for divchaiglng w. ta 
extinguish ftrei in tha Upper JioiicA of building* s 
- w ayon P t/J. ™ W .tCakt : alra j-awf in |>hn t&r 
- teetotal; -Worn a. (cbietiy warn 

ur corroded by 1 ho act ion of w. 

b + Prefixed to names of inimaH Eo denote species 
inhahiiing the w. t rr.-btir, a slot h -an i-maie tile ; 
- beetle * a beetle of the greup : -boat- 

mil Hi a w.-hug of tii her af the fan 1 Liles NetvnfCtid* 
or Cerixuf*; -buffalo, th* common domestic Indian 
buffalo, Bffi hwMi ft or hujfAMt \ -bug, (d! 

any heteropteroas Lnsecl of aqu-acic hahti: {&} U.S, 
ibe cockroach,, S/aif* eriinfalit ; -fUa* aEiy ai Lbe 
*mall cr iisEACtufis rhat hop like dew: -fiy t a fty lhar 
frei|uenti w, ind ibe w.-side; -liwyef/flt.. a shark ; 
-mole , 4 miM p ibt onriihorbyucHA ur duck-bih; 

■fflau^e, ibe w.- volet -roll, a bird, ayAw*- 


ittf. having a general re^blanec io the U^draih 
-scorpion, au ^quAian bug of ibe family iVtf : 
■Serpent h -snake* any snake ihal s n habit j 01 ftf 
querns ihe w. 2 ■void* the common A 

m iffph ib-iut i - w ofnt, any aquat ic an n^l id, 

e. Denoting vegetable grcjwihs ihaE Inc in w r . ai 
j il^i w.-blub a nssne for 

the marsh-mAEignld and similar plams; -elder, the 
gueldor-roee ; -□££, the yellow Flag, ins Fiend* i- 
tpak, a hard coarse -grained oak, Q*cvz rnr 
ri^iifiVsp of the soul hern Ui, ; also applied to cer- 
tain Australian trees of the genera CrfrNflr/«n mid 
mm ; ^ftreley* name foe &iu*u Imttfaliuxrt 
nt uLher aquae lc umbel lifers; -parsnip, n^np fur 
■.qu.tiic umbelliferous plants uf ihe genus ^Mw r u^ 
S* 1 -plantain, the plant A fttiw w pi*zn- 

fa-£, wiib lenves ^omewhm like those of ibe plani^jn, 
growing in diLche^ kic, 3 ~Tiplct, Lhc feather-foil,, 
ifpifVtirif finiuiirrr. 

d. Mfd. Designating ^preific; ailinentp, eruption*, 
ett, u w.-&lirftr'% also w,-t>leb 9 F peniphigusj -ptiK* 
diickcn-ptiiL 

Water (wjt 51 % v. [OE, t w.-r Ur 

Wateii ji-] L tr nits. 1. To fiivc a drink uf 
water lo(rm animaLrsp. a horse on a journey) a t 
also, to tike (cattle) to the wnicr to tlnnk- a. 
To furnish wiih a supply of water GE. 3* To 
supply waler as aliment to (a plnnt, crop, eta) F 
esp. by pouring or sprinkling wiih a .wnturing- 
can, hose, or the like; |o pour or sprinkle watfr 
on (soil) OE- b. ro iMpply (tnncl, crop^) with 
water by Hooding or by mean? of imgaiion- 
ehanneli ; to irrigate tss5- 4* a nv^t r tic- ; 
To supply water to (land, etc. }, Now 
passive. OE, S- To iw- (something) -with wt's 
ttdrj i to mAke wet Or moisl with copious and 
continued weeping. 0£s r or arch. Also fsnid 
of the tears. ME. tfl- To soak in or wiLh u ater, 
to steep in a liquor -1675, b. p l'o siirmkts or 
drench (a road, pavement* elc,) wiih w.nier, in 
order to \*.y the dust a66a. e. To sprinkle or 
dmnch (a material) wiih writer in order to 
moisten il or with a solution to iimpregnnie if 
1474. d, 7^ te. r iay, to take liquid rr> 

fre^hmenl 1769. 7. To add water to asa 

or solvent, thereby increasing the hulk atid re- 


ducing the strength, lute M \\. a. To w. down 
To reduce the strength of (laf|U:ir) i-y diLut:- n 
to weaken the force or strength t»f (latipuA^e 
by adduion or alteration ; Id n duce tn effizr 
or potency ifijo, b. Ctfmw* Xo im-reaw 
nomi mat a mooTi t (ihe stock or c .t pi ta I of a s r.idr n 
company) by ihe crcuion of hetitious st .■ ■. 
1870. ft. To produce n moir^ or w avy Susi'c:. 
finish on (silk orotFier textile fabrics) by sprick 
ling them with water and passing them tbrQug* 
a calender *450. 

t+ Cr*rA m ii+ Uju 23- ■- LQrd_ Haoj bes gn^ceu w 

1 he Ff=ei N ai—SOM. In a tam pai n n I ikt chi-- . tl fS » , 

be eaiy ta w, troops at fiKed^lntcn Hlj i£ jB. > f-c 

Tb= ApnMlei, .planted this F,iLth..and warred it ^--s 
tbeir bloud 11S73. 4. Thru pleasant di-ti i- 1 . . ^ . 

ii watered by the tiver Don Scott. 7, Lea 
watered with a good deal of sug^r In it 

U, intr, j r Of the ey«: To fill and run wid 
moisture; to flow with tears ME. a. Qf f* 
mouth, also (now of the teeth : To s«res 
abundant sail vain the anticipation of appettziBj 
food or delicnclrs f 3. Of a ship, ship 

company, etc, : To take on board a fresh r. m 
of water 1557. 4. To drink water; to obua 

water to drink 1607. 

lx Midi, JV, i 1 l i ■ wa, The sjn ohe . . gal i n to t be Ca? 
tain's cycs F and made t hem blink and w. Dickh-^i. a 
H e sect na grc=n cheese but his mouth waters ifter 
4 Cattle were watering in a Utc rS^q. Hf' i 

Wli'lered //I a. Iptc. uf silk* etc.* having ^ 
traus dam3^k-lil^c paciErn. ot fin kb; of tbta 

ceoed. Wa'terer F Oft* who waters (pHnts* 
one who ii sent ashore lo obtain fr*^h wa:er 'Tsr 
chip's company a one who supplies animals wkhdrv* 
ins-waier. 

Wa'ter-bag^ 163B. A bag of sLia a 
leather used for holding or Carrying wat^r, 
one used ta Eastern countries for transport:, 
and distributing water. 

Wa-tfeT-balrlage, iG6g. A duly or ta: 
levied on all goods brought into or carrit-d 
of the Port of Loudon. 

W&*ter-t*Li liff . la te M E. +1. An c Scr 
j in various port towns, charged with the- er ■ = 

I men* of shipping regulations, the code men s 


b (Ger. Kflin)* [Fr. pen), ii {Ger, Mwller), m (Fr. dime), p (ciifi). t (c*) (there). 


i {ii) (r«a). f(Fr. fdiVe), a (fir* ffm, 


